The accuracy of ethnic classification can substantially affect ethnic-specific cancer statistics. In the Greater Bay Area Cancer Registry, which is part of the Surveillance, Epidemiology, and End Results (SEER) Program and of the statewide California Cancer Registry, Hispanic ethnicity is determined by medical record review and by matching to surname lists. This study compared these classification methods with self-report. Ethnic selfidentification was obtained by surveying 1,154 area residents aged 20-89 years who were diagnosed with cancer in 1990 and were reported to the registry as being Hispanic or White non-Hispanic. Predictive value positive, sensitivity, and relative bias were used to assess the accuracy of Hispanic classification by medical record and surname. Among those persons classified as Hispanic by either or both of these sources, only twothirds agreed (predictive value positive = 66%), and many self-identified Hispanics were classified incorrectly (sensitivity = 68%). Classification based on either medical record or surname alone had a lower sensitivity (59% and 61%, respectively) but a higher predictive value positive (77% and 70%, respectively). Ethnic classification by medical record alone resulted in an underestimate of Hispanic cancer cases and incidence rates. Bias was reduced when medical records and surnames were used together to classify cancer cases as Hispanic. Am J
There is considerable interest today in assessing racial and ethnic differences in patterns of disease to help understand disease causation and control. Although there is no widely accepted definition of ethnicity or race, both have been associated with various genetic, socioeconomic, cultural, and nutritional factors (1) (2) . Clearly, the interpretation of such associations depends in part on the methods used to classify subjects by race or ethnicity.
In the United States, an ethnic group of particular interest is the Hispanic population. Hispanics are the nation's fastest growing minority and will be the largest by the year 2000 (3) . A number of epidemiologic studies have found that Hispanics in various geographic areas, as compared with White non-Hispanics, have lower incidence rates of cancer at several anatomic sites, including the oral cavity (4), esophagus (5) , stomach (4, 5) , colon (5-7), rectum (4-7), pancreas (5), lung and bronchus (4) (5) (6) (7) (8) , breast (7, 9) , cervix (4), testes (5), prostate (5, 10) , bladder (4-7), and kid-ney (5, 6) as well as lower rates of melanoma (5), mesothelioma (5) , chronic lymphocytic leukemia (5) , and non-Hodgkin's lymphoma (5) . In addition, lower cancer mortality has been found for Hispanics (11) nationally and lower overall cancer incidence among Hispanics in Florida (12) and Illinois (13) . In contrast, several studies have found Hispanics to be at increased risk for cancer at several sites, including the cervix (6, 7, (12) (13) (14) , liver (5, 7, 12) , gallbladder (5, 12) , stomach (7) , nasal cavity (5), penis (5), thyroid (5) , and heart and soft tissue (12) as well as for acute lymphocytic leukemia (5) and Kaposi's sarcoma (5) .
For many research purposes, Hispanic ethnicity is assessed by self-identification. The US Bureau of the Census currently uses this method. However, because data on self-identification are not always available, the Census Bureau has used other methods to classify people as Hispanic, including Spanish birth or parentage, Mexican race, Spanish language, Spanish heritage, Spanish origin, and Spanish surname (15) . The PasselWord Spanish surname list, created from the 1980 decennial US Census (16) , is the one currently used by the Census Bureau (17) .
In health surveillance, such as cancer registration, assignment of ethnicity is often based on medical record report. These classifications may involve subjective appraisals by hospital personnel, and accuracy varies considerably (18) . Therefore, when ethnic-specific cancer incidence and survival rates are computed by using surveillance data, the numerator (number of cancer cases) and the denominator (population count) are obtained from sources that typically use different methods of ethnic classification. Discrepancies between these two classification methods may influence the accuracy of disease rate calculations, making comparisons between ethnic groups especially difficult.
In particular, if the number of cancer cases reported to the registry as Hispanic is lower than the number of cases of self-identified Hispanics, the risk for cancers in this population will be underestimated. If, on the other hand, the registry systematically overcounts Hispanic cases, the risk will be overestimated.
The purpose of this study was to examine the extent of misclassification of Hispanic ethnicity in patient data collected by the San Francisco-Oakland populationbased cancer registry compared with ethnic selfidentification based on telephone interview. Quantification of misclassification would enable us to estimate the accuracy of different methods available to the registry for classifying persons as Hispanic and to adjust incidence rates for misclassification. A more accurate evaluation of cancer incidence would permit better planning and evaluation of cancer control programs in this rapidly growing segment of the San Francisco Bay Area and US population.
MATERIALS AND METHODS
The aims of this study were to 1) determine the extent of misclassification associated with methods available to the registry for classifying Hispanics and 2) estimate misclassification-adjusted standardized incidence rates for comparison with unadjusted rates. The properties of the proposed adjustment method (19) and statistical models of misclassification as a function of self-reported socioeconomic, cultural, and demographic factors (20) are described elsewhere.
The study included persons who were identified by the Greater Bay Area Cancer Registry, which is part of the Surveillance, Epidemiology, and End Results (SEER) Program and of the statewide California Cancer Registry. Eligible subjects were persons aged 20-89 years when diagnosed with incident invasive or in situ cancer of the colon, lung, female breast, cervix, or prostate during 1990; residing in one of the five registry counties in the San Francisco Bay Area (Alameda, Contra Costa, Marin, San Mateo, and San Francisco); and reported to the registry as being of White race.
All eligible subjects were initially classified as either Hispanic or non-Hispanic. Persons were placed in the Hispanic group for study selection if 1) they were reported to the registry as being of Spanish or Hispanic origin on the basis of their medical records, and/or 2) their surnames appeared on the Census Bureau's 1980 Spanish surname list, and/or 3) their surnames were determined to be Hispanic as a result of using the Generally Useful Ethnic Search System (GUESS) program, developed by the New Mexico Tumor Registry (21) . The non-Hispanic group consisted of White persons not determined to be Hispanic by any of these three classification methods. For each cancer site, all those classified as Hispanic were chosen for interviews, and an equal number of White nonHispanics was selected by random number assignment. The data were sampled by cancer site to enable adjustment of site-specific incidence rates in case of ethnic misclassification due to site-related factors, such as socioeconomic status, not measured directly by the registry. The initial sample consisted of all 780 Hispanics (756 White and 24 non-White) and 781 of 6,452 White non-Hispanics. After subsequent registry updates, in which eligibility for the study was verified, the sample included 743 of 750 White Hispanics and 776 of 6,382 White non-Hispanics.
A brief telephone interview was conducted with subjects or their next of kin. A bilingual interviewer administered the entire interview in Spanish or English, according to the respondent's preference. Questions included ethnic self-identification (as used by the 1980 and 1990 US Censuses), place of birth, immigration history, familial ethnic origin and identification, language preference for speaking and reading, and socioeconomic indicators. The questionnaire was translated into Spanish by using standard methodology, with back translation and resolution of discrepancies. Overall, 72 percent of the interviews were with the patient, 11 percent with the spouse, 9 percent with a child, 2 percent with a sibling, and 6 percent with other next of kin. Next-of-kin interviews were conducted to avoid possible biases due to excluding patients with short survival times and under the assumption that close relatives would be aware of the patient's ethnic selfidentification. Correctness of classification, as measured by predictive value, did not differ significantly between self-and next-of-kin respondents.
The measures of accuracy used to assess the different classification methods were as follows: predictive value positive (PV+), the percentage of persons classified as Hispanic who self-identified as Hispanic; predictive value negative (PV-), the percentage of persons classified as non-Hispanic who self-identified as non-Hispanic; sensitivity, the percentage of selfidentified Hispanics who were classified as Hispanic; specificity, the percentage of self-identified nonHispanics who were classified as non-Hispanic; and relative bias, the amount by which the percentage clas-
sified as Hispanic differed from the percentage selfidentifying as Hispanic, as a percentage of the latter ((sensitivity/PV+) -1). To estimate these measures, values from the interviewed sample were weighted in proportion to the inverse of their sampling fraction (the number of eligible subjects divided by the number of subjects interviewed) by cancer site and classification as Hispanic or non-Hispanic.
The following five classification methods were compared with ethnic self-identification: 1) report to the registry as Hispanic on the basis of medical record review, 2) surname included on the 1980 Spanish surname list, 3) report to the registry and/or surname included on the Census Bureau list, 4) surname judged to be Spanish by the GUESS program, and 5) classification as Hispanic by any of the other four methods (composite). The latter method was used to assign persons to the Hispanic group for sampling purposes. Cases currently are reported to the SEER registry as Hispanic by using method 3, hereafter referred to as registry-surname.
Statistical analyses were performed by using SAS software (SAS/STAT version 6; SAS Institute, Inc., Cary, North Carolina) (22) . Cochran-Mantel-Haenszel statistics were generated to test for an association between response rate and Hispanic classification, controlling for cancer site. The log-odds of response (i.e., participation in the study) as a function of site was modeled separately for the Hispanic and nonHispanic groups by using logistic regression. The five measures (PV+, PV-, sensitivity, specificity, and relative bias) were computed for subgroups of subjects categorized by cancer site, sex, and age; sensitivity was also computed by national origin. For the composite method of classification, the value of a measure in a given subgroup was compared with the mean of the subgroup measures for the given categorization by using the SAS procedure PROC CATMOD. For instance, the sensitivity for males and the sensitivity for females were each compared with the average of the sensitivities for males and females.
To adjust incidence rates for misclassification, estimates of the proportion of self-identified Hispanics in age-sex-site groups were produced by applying the estimates based on the interviewed sample to the entire group of eligible patients, following the method of Tenenbein (23) . To create efficient estimates, logistic regression models of Hispanic identity were developed and tested against saturated models of age, sex, and cancer site. The age distributions of males and females were very different; therefore, the age groups for females were defined as less than 40 years, 40-64 years, and 65 years or older, and the age groups for males were defined as less than 65 years and 65 years or older. Separate models were created for those categorized as Hispanic for sampling purposes and for those sampled as non-Hispanic. Then, for each cancer site, the total proportion of patients self-identifying as Hispanic in each age-sex group was estimated as the sum of the corresponding estimates in the Hispanic and non-Hispanic categories weighted by the proportion of eligible patients in each category. Age-adjusted incidence rates for Hispanics were estimated by applying the estimated proportion of Hispanics in each age-sexsite group to the total number of White cancer cases (including those classified by the registry as Hispanic), dividing by the 1990 Bay Area Hispanic population in the given age-sex group, and standardizing to the 1970 US population.
RESULTS
Telephone interviews were completed for 560 eligible persons classified as Hispanic and for 594 persons classified as White non-Hispanic, a total of 76 percent of the patients in the sample selected for interview. Response rates for Hispanics and non-Hispanics, controlling for site, were not significantly different. Participation was significantly higher for breast cancer patients (85 percent for non-Hispanics and 87 percent for Hispanics) and lower for both non-Hispanics with lung cancer (63 percent) and Hispanics with cervical cancer (64 percent).
The characteristics of the interviewed sample are described in table 1. Because of the great difference between the age distribution of the cervical cancer subjects and that of subjects with cancer at other sites, inferences about misclassification among younger people were based primarily on data from the cervical cancer group, in which self-identified Hispanics were of predominately Mexican and Central American origin.
Accuracy of classification methods
Estimates of the predictive value negative (PV-) and the predictive value positive (PV+), the specificity and sensitivity, and the relative bias for the five methods of classification described above, overall and by cancer site, are shown in table 2. The PV-and the specificity of all methods were very high (95-98 percent); that is, persons classified as non-Hispanic were extremely likely to agree with that identification, and most selfidentified non-Hispanics were classified correctly.
However, the situation was rather different regarding classification of Hispanics. Although the registry and surname methods each had a fairly high PV+ value (77 and 70 percent, respectively), the sensitivity was only about 60 percent. That is, persons classified as Hispanic by either of the two methods were likely to be Hispanic, but a great many self-identified Hispanics were not classified as such by the registry or by surname. The accuracy of the GUESS surname program lowered the predictive value to 56 percent without increasing the sensitivity. The composite method had a low PV+ value (55 percent), since all incorrect classifications based on the GUESS program were included, but the sensitivity improved to 70 percent. The registry-surname method fared rather well, with the sensitivity (68 percent) approaching that of the composite method and the PV+ value (66 percent) approaching that of the surname list. The near equality of sensitivity and PV+ gave this method the lowest relative bias. Compared with selfidentification, the percentage of Hispanics was underestimated by report to the registry and by the surname list and was overestimated by the composite method.
Comparisons of predictive value for the composite method showed no significant differences in PV-values by cancer site but significantly low PV+ values for breast cancer subjects (47 percent) and significantly high PV+ values for cervical cancer subjects (64 percent). Although specificity values were high for all sites and methods, sensitivity values ranged from a low of 43 percent (registry method, lung cancer) to a high of 88 percent (composite method, cervical cancer). For every site, the composite method was the most sensitive, and in four of the five sites the registry method was the least sensitive. For the composite method, sensitivity was significantly higher and specificity was lower for subjects with cervical cancer, and specificity was higher for those with colon, lung, or prostate cancer. With respect to relative bias, the percentage of Hispanics was underestimated by the registry method and overestimated by the composite method at every site. Both the GUESS and registrysurname methods seemed to have the least bias overall-less than 20 percent at four of the five sites.
The accuracy of the classification methods by sex and age is shown in table 3. Overall, the patterns were similar for males and females. Differences in predictive value for the composite method by sex were not statistically significant in the Hispanic or the nonHispanic group. In addition, the sensitivities did not differ, but the specificity was significantly higher for males. Bias values tended to be more positive for females than for males, with more overestimation by the composite method but less underestimation by the registry and surname methods.
As mentioned previously, the group aged 20-39 years was composed almost entirely of women with cervical cancer. The PV+ value was highest for this age group: comparisons for the composite method indicated that the PV+ value was significantly higher and the specificity was significantly lower for persons less than age 40 years and that the reverse was true for those aged 65 years or older. Sensitivity and PV-values did not differ significantly by age. In all three age groups, the percentage of Hispanics was underestimated by the registry and surname methods and overestimated by the composite method. Subjects who self-identified as Hispanic were asked to specify their country of origin. The sensitivity of each classification, by place of Hispanic origin, is given in table 4. For each sensitivity, the denominator was the weighted number of self-identified Hispanics with the given place of origin. As usual, the composite method was the most sensitive. It correctly classified all Central Americans as Hispanic, and there were significant differences in sensitivity among the other places of origin-higher for persons of Mexican origin and lower for those who did not specify an origin in Latin America or Spain.
Adjustment of incidence rates
Estimates of misclassification with respect to Hispanic ethnicity make it possible to estimate the proportion of self-identified Hispanics in each segment of the population and make appropriate adjustments to cancer incidence rates. Estimates were created for those sampled as Hispanic and for those sampled as non-Hispanic by using logistic regression models of ethnic identity as a function of age, sex, and cancer site.
None of the explanatory variables was significant for the non-Hispanic group (likelihood ratio p = 0.75), indicating that the proportion of the non-Hispanic population group who were really Hispanic was estimated appropriately by the sample proportion. In the Hispanic group, the final model (likelihood ratio p = 0.38, model p = 0.002) estimated separate proportions for males aged 65 years or older, males less man age 65 years, females less than age 40 years, females aged 40-64 years, and females aged 65 years or older.
Age-adjusted cancer incidence rates based on the registry alone, the registry-surname classifications, and the adjustment for misclassification are shown in table 5 . Results suggest that the true cancer rates for Hispanics are higher than those based on ethnicity as classified by report to the registry alone, primarily because Hispanics are being misclassified as non-Hispanic. Although the proportion of the non-Hispanic sample that was misclassified was small (about 3 percent), the non-Hispanic group comprised almost 90 percent of the White cancer cases, resulting in rather large standard errors for estimated Hispanic rates. When the registry classification was augmented by the 1980 Spanish surname list, the rates obtained were generally closer to the estimates based on self-identification. The exception was cancer of the cervix, which seemed better estimated by report to the registry alone.
DISCUSSION
This study found that persons who were classified as non-Hispanic by both surname and medical record report to the cancer registry were very likely to identify themselves as such, and most self-identified nonHispanics were classified correctly. However, among persons who were classified as Hispanic by medical record and/or surname, only two-thirds were likely to agree, and almost one-third of self-identified Hispanics were not classified correctly. Classification based on either medical record or surname alone had a lower sensitivity but a higher PV+ value, so that less error occurred when classification was based on the union of the two methods. Bay Area cancer incidence rates generally were underestimated for Hispanics if ethnic classification was based on medical record report alone.
These results can be compared with those of other studies of misclassification of Hispanic ethnicity, keeping in mind that predictive values depend on the prevalence of Hispanics in the population. Hazuda et al. (24) illustrated the importance of surname in determining self-identification as Mexican American by comparing surname with a "gold standard," which was defined as having three or four Mexican or Mexican American grandparents. For surname, they reported a sensitivity of 95.1 percent, specificity of 74.9 percent, PV+ of 80.0 percent, and PV-of 93.5 percent. Although a direct comparison of these results with ours is complicated by the difference in comparison All of these studies found that females are more likely than males to be misclassified (24) (25) (26) (27) . Although we did not find any decrease in sensitivity for females, this finding appears to be due to the differing distributions of national origin for the men and women who identified themselves as Hispanic. Only 38 percent of the men, compared with 59 percent of the women, were of Mexican or Central American origin, for whom sensitivity of the classification methods is very high. In analyses that simultaneously controlled for a number of sociodemographic factors, we found that among women who had Spanish surnames, self-identification as Hispanic was associated with ability to speak Spanish, having a Spanish maiden name or mother's maiden name, younger age, and having no health insurance. For Spanish-surnamed men, Hispanic selfidentification was associated with ability to speak Spanish and frequent use of Spanish. Men who had government health insurance or were recent immigrants (from non-Hispanic countries) were less likely to self-identify as Hispanic (20) .
When the results presented here are evaluated, the following points should be considered. First, the measure of accuracy deemed most important depends on the reason for counting the Hispanic population. For example, for efficient selection of a research sample of Hispanics, it may be useful to choose a classification method with a high predictive value, such as the registry method; however, the disadvantage is that the sample may not represent Hispanics who are misclassified. For community outreach and education purposes, a highly sensitive method may be preferred.
For incidence rate calculations, a method with low bias must be found, possibly by combining methods that when taken alone underestimate the number of Hispanics.
Second, the sample studied here consisted of San Francisco Bay Area residents who were diagnosed with specific types of cancer in 1990, and the results may not be applicable to other places and times. In particular, regional migration patterns and the methods used to report ethnicity to a registry are likely to affect the accuracy of classification methods.
Finally, various studies have demonstrated that ethnic identification is not constant over time. Approximately 5-10 percent of persons who originally report their ethnicity as Hispanic will claim nonHispanic ethnicity when reinterviewed, and an offsetting proportion of original non-Hispanics will claim Hispanic ethnicity (16, 24, 28) . In addition, since a telephone survey was conducted to obtain acceptable response rates, self-reported ethnicity may in some cases differ from that reported to the Census Bureau because of the mode of administration.
When these points are considered, the above results suggest the following for the San Francisco Bay Area:
1. Hispanic cancer rates based on report to the registry alone may be biased downward because of misclassification of self-reported Hispanics as non-Hispanic. This downward bias will create an underestimate of cancer incidence in Hispanics, which may explain in part the lower incidence rates for Hispanics found in various studies of registry-based cancer incidence (4-6, 8, 10, 12-14). 2. The 1980 Spanish surname list tends to undercount Hispanics. Broadening this list by using the GUESS program does not seem to be a useful way to identify Hispanics in the San Francisco Bay Area, although this method is superior to the registry alone in terms of bias. The GUESS method was developed in New Mexico and has been shown to be a more sensitive (although less specific) predictor of Hispanic self-identification in that state (27) . The Hispanic population in New Mexico was composed mainly of long-term US residents of Mexican ancestry, whereas the population surveyed in northern California was of more diverse Hispanic descent. However, among those of Mexican or Central American origin, the GUESS method is highly sensitive. 3. Augmenting registry data with the Spanish surname list seems to be a feasible way to increase sensitivity and reduce bias in incidence rate calculations.
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